The brain includes glial cells (astrocytes, microglia and oligodendrocytes) and endothelial cells in addition to neurons. Under some pathological conditions, it is invaded by leukocytes such as neutrophils, monocytes/macrophages and lymphocytes. Intercellular communication across these cell species is supposed to play crucial roles both in the brain functions and dysfunctions. However, the molecular basis of such intercellular communication remains unclear. We have studied the roles of cytokines and chemokines, which have been investigated as essential mediators in the immune and in‰ammatory systems, in intercellular communication across neurons, glial cells, endothelial cells and leukocytes. Messenger RNA expression of cytokines such as interleukin 1b was induced in brain microglia by i.p. injection of excitotoxin and neurostimulant, at least, partly via catecholaminergic systems. Messenger RNA of other cytokines such as leukemia inhibitory factor was induced in astrocytes. This cytokine speciˆcally induced nociceptin mRNA in the cultured cortical neurons. Constitutive expression of some chemokines such as fractalkine and stromal cell derived factor 1a was observed in the brain, suggesting that they play important roles in maintenance of brain homeostasis or determination of the patterning of neurons and/or glial cells in the developing and adult brains. Cytokines such as interleukin 1b and chemokines such as monocyte chemoattractant protein 1 and macrophage in‰ammatory protein 1a were produced in ischemic brain and implicated in ischemic brain injury. In addition to ischemia, cytokines, chemokines and their receptors have been shown to be involved in various neurodegenerative diseases such as multiple sclerosis, Alzheimer's disease and AIDS dementia syndrome. They are potential targets for therapeutic intervention for neurodegenerative diseases.
Chemokines are classiˆed into four subfamilies based on their structures. Most chemokines have four cysteine residues at conserved positions. In the CXC chemokine subfamily, the two cysteines nearest the N termini of these proteins are separated by a single amino acid. In the CC chemokine subfamily, the two cysteines nearest the N termini of these proteins are adjacent. Lymphotactin is a structurally related chemokine having only one cysteine near its N terminus and is said to belong to the C chemokine subfamily. The CX3C chemokine subfamily has only one member, that is called fractalkine. Fractalkine has a typical chemokine-like structure (chemokine domain) at its N terminus, and the two cysteines nearest the N terminus of this domain are separated by three amino acids. This chemokine domain is followed by a long stalk which is heavily substituted with mucin-like carbohydrates. Fractalkine is embedded in the membrane and has a short cytoplasmic domain. For abbreviations, other articles (41, 43) should be referred. Fractalkine in membrane-bound form could play a role as an``adhesion molecule'' in direct interaction between neurons and microglia, and be involved in synaptic reorganization in normal and/or degenerated brains. Under the neurodegenerative condition, a secreted form of fractalkine could be released from neurons and play a role as a``chemotactic factor'' to cause the activation and migration of microglia. IL 1b mRNA is induced by neurostimulants, stress and ischemia, at least in part, via noradrenergic system. This cytokine could act through its receptors on neurons, astrocytes and endothelial cells. ATP induces LIF mRNA in astrocytes. LIF acts through its receptors on neuronal cells to increase nociceptin mRNA expression. Some chemokines, such as fractalkine, and chemokine receptors, like CX3CR1, are constitutively produced by cells intrinsic to the CNS, and might be involved in the interaction between neurons and glial cells. In disease states, astrocytes and microglia can be induced to produce some chemokines such as MCP 1 and MIP 1a. These chemokines might be involved in the activation of glial cells and recruitment of leukocytes into the brain parenchyma. Induction of chemokine mRNAs in glial cells could be regulated by ATP and IL 1b. 
